reflect preferences of specific bacterial communities inside this fern or detection limitations due to the isolation procedures. Plants that were grown in greenhouses and plants that were reintroduced into the forest displayed more bacterial genera and species diversity than native field plants, suggesting that reintroduction shifts the bacterial diversity. Endophytic bacteria that displayed antagonistic properties against different microorganisms were detected, but no obvious correlation was found between their frequencies with plant tissues or with plants from different growth regimes. This paper reports the first isolation of endophytic bacteria from a fern.
INTRODUCTION
In the Brazilian Atlantic Rainforest, the slow growing fern, Dicksonia sellowiana, is in danger of extinction because its trunk is widely used as a commercial fertilizer and as a substrate for the cultivation of ornamental plants, such as orchids (17, 38) . Attempts to produce D. sellowiana plants in greenhouses and then reintroduce them into the Atlantic Rainforest in the state of São Paulo, Brazil, were performed for more than twenty-five years and involved several members of the local community and researchers from the University of Mogi das Cruzes (UMC). In some instances, reintroduction of Growth regimes on the bacterial communities of the fern the plants was successful, but in others, the plants did not grow efficiently in greenhouses or were not successfully reintroduced into their natural environments. One possible explanation for this failure could be the imbalance of endophytic microbiota due to the artificial environmental cultivation conditions.
Endophytes are microorganisms, mainly fungi and bacteria, which live inside plant tissues without causing disease symptoms (6, 28) . Endophytes are a largely unexplored component of biodiversity, especially in the tropics.
Endophytic bacteria possess an ecological niche similar to plant pathogens in that they are sometimes transmitted through seeds (13) , which allows them to be used as candidates for biocontrol agents. In order to use endophytes as biocontrol agents, we must first access the microbial richness and try to understand how different environmental conditions are responsible for microbial diversity (2) .
Although endophytic fungi have been isolated from fern plants (11, 12, 15) , the presence of bacteria inside of ferns has not yet been studied. Therefore, the aim of this work was to study the endophytic bacterial community in D. sellowiana plants. The diversity between the bacterial microbiota from plants produced under different growth regimes and the importance of bacterial communities for the successful transfer of plants from greenhouses to the field were evaluated. In addition, the production of antimicrobial substances, which may be important for preventing plant diseases in greenhouses and in the field, was studied. For isolation of bacterial communities, fern pinnae and rachis were cut into 4 x 4 mm pieces and placed onto TSA plates containing benomyl (40 µg.ml -1 ), which inhibits fungal growth, and then incubated at 28 o C for up to 8 days to allow the growth of endophytic bacteria and determine the number of colonized segments. The endophytic incidence (EI), which is expressed as a percentage, was determined for the pinnae and rachis using the same method described by Araujo et al. (5) .
MATERIAL AND METHODS

Plant material
The EI was calculated using the following formula: EI = (N1/N2) x 100, where N1 is the number of colonized segments, and N2 is the total number of segments that were analyzed.
This isolation procedure was used instead of the colony forming unit isolation process (plating a suspension of homogenized segments in saline) because we previously found that bacterial densities were low in the homogenized segments.
In addition, the segment plating process allowed the isolation Growth regimes on the bacterial communities of the fern of the most common and rapid growing bacteria, which are potentially the most important bacteria for the establishment of plants that were transferred from the greenhouse to the field.
Purification and bacterial identification
Following the incubation of the TSA plates, all of the bacteria from the plated plant segments were isolated, purified three times by single colony isolation and grouped on the basis of phenotypic characteristics (e.g. colony morphology, colony color, cell shape, motility, spore formation, growth rate and Gram reaction). From these groups, 158 isolates were randomly selected for further characterizations by biochemical analyses (19) . Seventy isolates were identified by the fatty acid methyl ester (FAME) technique using whole-cell fatty acids derivatized to methyl esters, which were analyzed by gas chromatography using the MIDI system (Microbial Identification System, Inc., Delaware, USA). Isolates that were not identified by FAME analysis were identified by 16S rRNA gene sequencing. 
Antimicrobial activity
The antimicrobial activity of the endophytes was evaluated After an incubation period of at least 48 hours at 28°C, antagonistic activity of the endophytes was determined by measuring the sizes of the inhibition zones around the chloroform-treated colonies.
Statistical analysis
Analyses of the data were performed with the SAS software package (33) . The differences in total isolation Growth regimes on the bacterial communities of the fern frequencies among various plants were tested by the Tukey test at 5% significance.
RESULTS
Determination of culturable endophytic bacteria in D.
sellowiana rachis and pinnae (Fig. 1) .
The endophytic isolates identified as Stenotrophomonas
were also evaluated by 16S rRNA gene sequencing (Fig. 2) . No correlation was observed between bacterial isolates of different growth regimes, plant tissues or sequences. The highest bacterial diversity was observed within the reintroduced and greenhouse plants since 10 and 9 different bacterial species were isolated from these plants, respectively, while only 6 species were isolated from native field plants (Table 2) .
Endophytic antimicrobial activity
The antimicrobial activity of 70 endophytic isolates was evaluated against 5 different bacteria. The results (Table 3) showed that several endophytic isolates inhibited the growth of various bacteria. In some cases, Bacillus endophytes were able to inhibit the growth of a species from the same genus, B.
subtilis. Similar results were observed for endophytic
Micrococcus isolates, which inhibited the growth of M. luteus.
These results may be due the production of bacteriocins, which are able to inhibit the growth of other closely related bacteria (20, 29) 
DISCUSSION
In this study, more bacterial endophytes were obtained from isolated D. sellowiana rachis segments than from pinnae segments ( Table 1) . Because this appears to be the first study Most of the endophytic bacteria isolated from D.
sellowiana (Table 2) were already reported as endophytes in other plants. Bacillus sp. were the most frequently isolated bacteria and are commonly found in many other plants including cotton (25) , corn (14) , oak (9), cucumber (24), citrus (5), Eucalyptus spp. seeds (13) and clover (37) . Similarly,
Micrococcus is an endophyte found in wheat (16) As shown in Fig. 1 (27) .
As all D. sellowiana endophytic bacteria were isolated from healthy tissues, the isolates from this study were either non-pathogenic or were maintained inside the plants without causing disease.
In this study, some bacteria that are known to cause human diseases were inhibited by endophytes that were isolated from 
